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„vm nu THE INVENTION work ing capacity for B^tmp 9 w 15+g / d L 

BACKGROUND OF THE IN ^ ^BWO^ on . 

.Heldofthelnvention for ^ emis sions ^bastttS 

SSSvity). ^*££ff^!d£ across all 
^evapoitf^coBttJJ^ adsorpti mo nolUh- & > equiUbnum adso^uon na ve 
particulate-filled canisters acUva » e d va por concentrations, ^f^^tjy^tion of increased vapor 

containing camsters, which ^ mon ^ tQ e 15 vapo c aclty as ajunctio ^ ^ & ^ 

carbon, and to using said adsor B agents f ^ centratio n (i.e., isotherm curved up wQrk . 

volatile organic ^compound , and°the cm ^ . upward cu^ { r ne . n ^ 

fluid streams. ^£££4* in hydrocarbon fuel W performance feature ^ ^ con . 

using said vapor-adsorbmg mat g^ ^ are ads^djt hig q concentration t0 an 

consuming engines information 20 Rations but readier retold m j b 

2 Description of Related An k } stream . In addition, cvlind rical pellet, 

Disclosed Under 37 CFR 1.97 and .* ChK a*p J hat taf^*^<J^lxto>*** 

S Standard Working Capacity Adsorb^ g rf asize just about s iSrdiffusior^l^sport 

wmmwmmm 

Sodes of engine operation £he adsorb^ hy & ^ app^ac^* ^ 

•c npriodically removed from tne _ c<u fa ^ must be controneu. kvels ma t me 

5S?E Tinister and « ;the aesorbed p. ^ ^ d d ^ s ^ eltank(is no longer 

S The regenerate carbon con U systems rimary source of conventional evaporative 

3tionalvapor.UnderEmn^da^su d ^ ^ „ c "^ e achieved a high efficiency 

htve been employed in have gradual y ermssio n fgJffcSS now is actually the h^ 

during that time S° ve ^ e ^ n Hs for these systems. In of rem0 val. Rate *^ C °J bent itse if as a residual heel 

reduced the allowable emission levels ™ have been carbon left on the carbon adsoro ^ ssions typically 

etSse improvements in of the activated 40 after the regeneration <^£* and subjected to 

la Sv focused on improving current occur wh en a vehicle been p rf gev d 

5 216 MO; 5,304.527; 5324.203. .«» ^ cal t„„s «ed «4 » cMbons m onab le 

5 691 2TO 5,136.481; 5 136.485 , 5,865, e!1K l in terms of wo*"^^^ normal camsworjm- 

6 ;i36,015; 6,171,313; 6,284,205 ^ ^ t0 meel DBL e^ssioa ™ of wo to B 

a wpical canister employed in > * CanislK i Hon.Furt.ermore.noneolUTe emissl0tl ^ 

characterized by ^."SS^qdBWum saturation 072.) 
density ("apparent density, g/ 
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* nFSCRIPTION OF THE PREFERRED 

„ nthecarbonbedsothatthereis DESCR ^ODIMENT(S) 

Another option is to on the ve nt-side of the of multiple beds 

a relatively low ""-J*"^?. bed to encounter Ttedi^ta^^S^ adsorbent materials, 

canister system (the ^ 0 ^ canister dimen- ( layers , stages, or chamber^ emissl0ns 

Lns or by the '"^^"diSrioM. This alterna- wnile maintaimng the h,gh « ^ 
vent . si de canister of f P^ n ^g residual hydrocarbon restriction pr0 perUes of the c *u ^ frQm a vanet y 0 f 
tive has the effect of ^ ^ S urge for that vent-side w adsor bents J^J^Su coa i, coconut, synthetic 
heel by increasing the intens JJM u t0 retain materials , including wooa^pe^ ^ ^ 

portion of the bed, thereby ^^Stod from the canister to Mtural po i yme r and a vang* P u as inorga mc 
P va pors that would <*Z*^JSm The * awback is chemical and/or f^J^^, porous alumina, 
^mu^&^^&^ Q{ ^^n adsorbents , including L^d porous silica, and organic 

that there is a useful ^ *° area without other- ulared c i ay s «: ollt ^ a _l rners . The adsorbents may 

bed«^*<^«^£Sto by the canister P adsorbents , including cyUn drical shapes, or 
wise incurring excessrve flow ^stn ^ a 15 ^ g^. - J^^ cross-sectional 

system. In P^ ce £ ES geometry to meet emis- be extruded into specif uu k 

sufficiently narrow^ f ong ate g such as hollow-cylinder - within ^ techmcal 

sion targets. (See U.S. Pat. No =..*> > of a d ribbons, or othw snap ^ 

Another option for *^£i££&te pores of the capab ilities of the Jay be formed into a 

fueTvapor/air mixture ftacti °"f;2 teachings of U.S. Pat. » ^ may be ^^^^^e adsorbents may be incor- 
adsorbent material is ^suggested * £Jg a g neat ing capa- mono Uth or honeycomb part. The or 
Nos. 6,098,601 and 6,279 548 by pro ^ eimer t0 d int0 a canister as one ^ stream flow 

bility internal of the f*** canister to expel hot F chamb ers, or they ^ maybe 

increase pressure in the J^^L back into the fuel as auX iliary canister beds s . g tQ have 

vapor through the vapor/pu ge «^ lempe rature 25 One cornmon feature for all of mese pp 

tt^wheieitcond«*2S^de«V<rf^ a vent-side adsorben witf asons related to purge 
u^nCeO^orteiM^e^ng ^ m TWs isothenn shape is^^^J^. For an adsorbent 
carbons from the he ated of an associated effidency acr0 ss ^"^^ concentration of hydro- 

purged fuel vapor to the indue ion y complexlty 0 f uh a flat adsorption isoAerm me n drocarbo n, by 
engine ('548). However *^ ere ap p ea rs some inher- 30 vapM in equU ibnurr «J aa adsorbed hyd rocarbon is 

control system « e m«d the rf a can . decreases forther^e a ^ & t 

ent safety concerns in prov di ng W1 thtn such a material is employed as 

ister for trapping fue vapo s_ ^ d iso^ *, * region 0 f a canister 

Thus, an acceptable remedy, wtacn o< ^* sorbent vo lume °" * v e J o e r ^ once ntration in the area of 

backs as the cited alternative apFoacheM^ J 35 . g ^ t0 reduC e ^J{JJs£ it is the vapor near 

ft is submitted that the inventi ™ discio ^5 tQ a very ow levei^ deC reasing 

heSn provides the desired solution, iiiw*3?j5l«" leveL ^ 

SUMMARY OF THE INVENTION concentration reduces the °^, on during purge « 

Tensed for sharply reducing diurnal rf remova l of adsorbed ^ya entiatl on of 

An invention is ^ °^ aP< Sve emissions cams- 40 Jg^, by me difference be^eenm ^ ^ 
breathing loss J stages, of adsorbents. drocarbon picked up J * ds0 St at any point in the bed 

ters by the use of standard high wo k- ti onineqmlibriumwth ftea^oAen ^ ^ ^ 

On the fuel source-side ot the c* vent . slde , the ads0 rbent in the immediate vi , ffl [he 

ing capacity carb «»f»jSSJ i "flat or flattened adsor- ™ be most thor0 ughly ;^^T«a»v«d becaose 
pre^^^^SSfcbaas in addition to certain 45 bed> les ^ hydrocarbon rmi rfeon remove d 

Uiw^«» v £^iS«ive properties across a gas w ui "h-J*^ a I orbentwith aflatter 

characteristically ^v^* ^ relatively low incre- ious p0 ints in * e ° ed u 7 ess vapor into the purge 

broad vapor concentration^^ J compared Wlth 1 isother m wl »^" P e S e efficient in reducing 

mental capacity ^X^Se.Two approaches are Urn and tWs purge wOl*en tenure 
the fuel source-side "^Stared P r0 P ertieS fM ^' va P or concentrations deeper into tn^ ^ reduce the 

a^scribed for attaimngthe prefe^ given quantity of purge gas ttv^Utepo ^ a 

sideadsorbentvolume^Oneappro ^ g concentration m a votame o ^ concentratlon 

bed voidages as a volumetn adsorbent wlth ^ isotherrn to a lower ^teve ads0 rption 

isothenn-Asecondapproach^stoe p y ft ^ an a j f ds orb e nt wlt m ther efore 

significant loss J^J^ art adsorbents used for ^ t . containi „j |««£^a en tetalw ? l» 
restricuon isotherm properties fo. ;^ v m S7J adsorp tion working 

automotive enuss ^ ^ DRAWINGS wi u, however, ^J«5£ d carbons commonly used 

activated carbon adsorbents. 
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mier(79.7wt%PQCorporat 1 onA300^ o s 
wt %), and phosphoric ; acidtftf wW ; ^ ^ <, ^ 
tumbled for four minut «. °* ^ c . for 15 minutes. 

An appropriate ^^Jions, resulting in a 
capacities across all vapor ™ u x 1" in FIG. 3). , 
ined adsorption isothjm ( E»JP region „ t0 
Alternative methods for (Muting me ^ par . 

co-mix adsorbent granule^ pdk*w^ Wgh 
tides of similar size, to ton l tne fe ^ 

bent. • d „„„h Hnnevcomb. The 200 cpsi 

Example 2: Q^JJg honeycomb is 20 
(cells per square inch) method. The 

another example of the «™ d aC cording to the 
honeycomb in the Table was prep ^ ^ ^ 

method described in ILS. ™. rising the steps 
closes forming an adaptive mononm f ^ ^ ^ 
of (a) extruding an a shape wherein 

die such that a "^"Jfg^ therethrough and the 
the monolith has at ^ast one pas s g a c 

extrudable mixture «SdE3 " ater > (b) 
forming material a flux matenai M 
extruded monoht 1 and <0 *JJ sufficient t0 rea ct the 

steX^^ and form 3 ceramc 



the monolith. 



e monolith. ^ . s 

In this example, the | ™° md in addition, the 
partially dilute the carbon adsorb ^ an structure of the 
adsorbent is further voidages within 

extruded part. These ; cell s cr^ mo rf ^ 

the part, compared with a shlar ^ ^ for 

, vol % voidages ^ to tajjjo^ bed dages 

pellets or granules). The ceil siru additional 
have the added advan*g of mP« rf Uets> thereby 
flow restriction compared wit n ^ camster 

aflowing the honeycomb to be insm 

^IpleS^pecialPrec^^ 

In this example, ^^Sffifcm the extruded 
the formulation or bed ^^sion blend producing the 
shape. The ingredient .for ^the «t™ Qf sx t grad e 

tested activated carbon pellets co ^ 
activated carbon P^jL Ser system (6.8 wt %). 
sodium ^P^^S^S^ ««ed overnight 
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caSefvapor inlet, a fixe 1 Jg** em 5 £ engine, » the adsorbent Zs, hollow cylinders, 

canister purge outlet to the > nduchon syst configured ribbons, and other 

and a vent/air opening for v ^ung tion of the asterisks, spirals, c y lin ^' f me art. 

Emission of air to the cams er during,^ ^ he capabihue^ the ^ 

engine induction system where n tn through the ^ met hod claimed he^"^ Accomplished by forming 

vapor flow path «^ 0 SUrmnafi«tregionof the 25 ^^^^^^^^Zm^ 
initial volume f vapor adso rben ^ ^ flQW ^ mt0 honeycomb or 

canister toward the ventmr ope 1 &• ithin a second method claimed herein memoes , a. 

fcough a subsequent ^^S^dng and the first volume tric dilution « ac f ^^external 

to the induction system of the engi , tleaving a form voidages larger m 

removing a portion of the adsorbed ^J^T* least one particle or monolith. embo diments of the 

or outside of the ^^.J™jSerized by an incremental We claim: ernis sions in auto- 
vapor adsorbent ™ a ^ s ch ^San 35 g n-butane^L 1. A ™ fl ^ I SS& control systems comprising 
adsorption capacity at 25 C of greater ^ % evaporative ennssio ^ ad 
between vapor 45 the steps of contacting ^^Xorption capacity at 25" 
n-butane before routing ^JS^terW wherein the bent volume having ^cremem n ^ concen . 
subsequent volume «?*2££^n*** « » C. of greater than 35 g n butt ^ at ea s t one 
subsequent volume of vapor adsorbe n ^ & Qf of 5 , % and ^ v increment al adsorp- 

4:.=—-?^=" -asss-a: ; 

sssssssaa irr. 

sews ? js» — — * . JJjK-s-a-ssss 



